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SPECIFICATION 
SCANNING EXPOSURE METHOD AND SYSTEM 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a method and a system for scanning exposure, 
designed to expose a pattern formed in a mask on a substrate by moving the mask and 
the substrate in a predetermined direction in synchronization. Specifically, the 
invention relates to a method and a system for scanning exposure, designed to join and 
expose a plurality of divided patterns adjacent to each other on the substrate. The 
invention is based on Japanese Patent Applications Nos. 2000-25661 and 2000-26630, 
the contents of which are incorporated in the present invention. 

2. Description of the Related Art 

In recent years, as a display element for a personal computer, a television set or 
the like, liquid crystal display panels which can be made thin have been often used. 
The liquid crystal display panel of this kind is manufactured by patterning a transparent 
thin-film electrode in a desired shape on a rectangular photosensitive substrate when 
seen from above by a photolithographic method. As a photolithographic device for 
such a purpose, an exposure system has been used, which exposes a pattern formed on a 
mask (reticle) on a photoresist layer deposited on the photosensitive substrate through a 
projection optical system. 

To enhance the ease of viewing the screen, liquid crystal display panels have 



been greatly enlarged. For example, in the case of a panel for a personal computer, a 
large type having a size ranging from 307.34mm (12.1 inch) to 358.14mm (14.1 inch) 
has now become common. An example of an exposure system to meet such a demand 
was disclosed in Japanese Unexamined Patent Application, First Publication No. Hei 7- 
57986. This is a scanning exposure system invented to sequentially transfer the 
patterns of a liquid crystal display (LCD) or the like formed on a mask in an exposure 
region on a glass substrate. The transfer is carried out by combining a plurality of 
projection optical systems for projecting mask patterns in erect images on the substrate, 
moving the mask and the glass substrate in a predetermined direction in synchronization, 
and scanning these with respect to each projection optical system, and a large exposure 
region is provided in a direction orthogonal to a synchronous moving direction. 

In the described case, to obtain good image-forming characteristics without 
enlarging the exposure system even if the projection region is large, a device is used in 
which a plurality of projection optical systems are arranged such that projection regions 
adjacent to each other can be displaced by predetermined amounts in a scanning 
direction, and the end parts thereof can be overlapped in a direction orthogonal to the 
scanning direction. In this case, the field diaphragm of each projection optical system 
is, for example trapezoidal in shape, and the sum of the opening width of the field 
diaphragm in the scanning direction is set to be always equal. Accordingly, the 
described scanning exposure system is advantageous in that the joined parts of the 
projection optical systems adjacent to each other are exposed in overlapped fashion, and 
optical aberrations and the exposure illuminance of each projection optical system 
change smoothly. 

With regard to a substrate used for manufacturing a liquid crystal display panel, 
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in recent years, an idea has been presented to use a large glass substrate, one side 
thereof being equal to 50 to 70cm or more, in order to achieve a higher productivity for 
simultaneous production of a number of liquid crystal display panels, and to 
manufacture a liquid crystal display panel having a larger display region for a television 
set or the like. To expose a substrate of a size equivalent to such a liquid crystal 
display panel having a large display region, there is a method of executing scanning 
exposure en bloc by using a mask having a size equal to the substrate size. Another 
method of dividing the pattern of one liquid crystal display panel into a plurality of 
regions and synthesizing these is available. The former method can provide high- 
speed throughput. Usually, however, because of the low pattern accuracy of the mask, 
it becomes prohibitively expensive to obtain a highly accurate mask for a so-called 
high-definition panel. Thus, this method lacks practicality. 

On the other hand, the latter method needs to manage various errors including a 
reticle manufacturing error, resulting in complex correction work. In addition, when a 
correction error remains, it is difficult to obtain good picture synthesizing accuracy. 
For example, in a pattern joined part, a level difference may occur because of a mask 
pattern drawing error, the optical aberration of the projection optical system, the 
positioning error of a stage for moving the glass substrate, or the like, damaging the 
panel characteristics. Further, in the case of laminating synthesized patterns in 
multiple layers, the overlap error of the exposure regions of each layer, or pattern line 
errors discontinuously change in the pattern joined part, causing uneven coloring or the 
like in the joined part when the liquid crystal display panel is lit. Consequently, a 
reduction occurs in the quality of the panel. 

To execute exposure on a large glass substrate while solving the foregoing 
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problem, a scanning exposure system was disclosed, for example in Japanese 
Unexamined Patent Application, First Publication No. Hei 10-64782. This system is 
designed to join and transfer a plurality of divided patterns on a large glass substrate. 
Specifically, the operation is carried out by repeating, once or several times, a process 
including: executing scanning exposure by driving a mask stage for holding a mask and 
a substrate stage for holding the glass substrate in synchronization; then moving, 
stepwise, the mask stage and the substrate state in a direction orthogonal to the 
synchronous movement by a distance equivalent to the width of an irradiation region; 
partially overlapping a following exposure region with a preceding exposure region; and 
setting the exposure amount (exposing energy amount) of the overlapping part equal to 
that of a non-overlapping part. 

Recently, however, demand for larger liquid crystal display panels has become 
stronger, requiring exposure on a much larger glass substrates. To meet such a request, 
a method of synthesizing pictures by joining divided patterns vertically and horizontally 
may be employed. Conventionally, however, in such a method the divided patterns 
cannot be joined smoothly in the scanning direction (synchronous moving direction). 
Thus, there is demand for a method of synthesizing pictures, which is capable of 
maintaining the device quality even when patterns are joined in the scanning direction 
as in the case of a non-scanning direction. 

In addition, as described above, in the case of joining the divided patterns on 
the glass substrate by using one reticle, by changing the position of the glass substrate 
utilizing the characteristic of pattern repetition like the image pattern of a device pattern, 
exposure is carried out on a plurality of exposure regions while overlapping repetitive 
patterns among reticle patterns. 
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However, such image patterns are aligned at 0° or 90° (X or Y direction) to the 
device pattern. Also, the overlapping parts (picture synthesizing line) of the divided 
patterns on the glass substrate are frequently set along the 0° or 90° direction as in the 
case of image patterns. In the liquid crystal device, one problems in terms of display 
quality during picture synthesizing is an overlap accuracy difference in the process of 
manufacturing a driving transistor. This is mainly due to the fact that a control error of 
the driving transistor which causes the overlap accuracy difference between the left and 
right patterns across the picture synthesizing line, for example, exceeds the performance 
of the driving transistor and the minimum resolution of the gray scale decided upon by a 
used liquid crystal material. 

Furthermore, if the extending direction of the picture synthesizing line is 
identical to the arraying direction of image patterns, driving transistors adjacent to the 
picture synthesizing line are all connected to the same gate line or signal line, and thus 
driven by the same timing. As a result, the effects of an overlap accuracy difference 
which is caused by the picture synthesizing on display quality are arranged on a straight 
line. Normally, if the locations of errors are scattered even when an error is large, the 
error is not so conspicuous. But the conspicuousness of errors is increased if the errors 
are arrayed in an orderly manner, even when the error is small. Consequently, if the 
effects of an overlapping accuracy difference are arranged on a straight line, then the 
display quality declines. 

The present invention was made with the foregoing problems in mind, and the 
objects of the invention are to provide a method and a system for scanning exposure, 
capable of smoothly joining divided patterns adjacent to each other in a synchronous 



moving direction when picture synthesizing is carried out by moving a mask and a 
substrate in synchronization, and joining the patterns on the substrate. Furthermore, 
other objects of the invention are to provide a method and a system for scanning 
exposure, preventing an overlap accuracy difference caused by picture synthesizing 
from adversely affecting the display quality of a device. 

SUMMARY OF THE INVENTION 
In order to achieve the foregoing objects, according to the invention, the 
constitution described below corresponding to Fig. 1 or 19 showing an embodiment is 
employed. 

According to the invention, a scanning exposure method comprises the steps 
of: moving a mask (M) and a substrate (P) in synchronization with respect to a region 
irradiated with an exposing light; projecting divided patterns (51 to 54) of the mask (M) 
onto the substrate (P); and joining and exposing the plurality of divided patterns (51 to 
54) adjacent to each other on the substrate (P). In this case, the divided patterns (5 1 
and 52, and 53 and 54) adjacent in the synchronous moving direction are partially 
overlapped with each other. 

According to the invention, a scanning exposure system (1) is provided for 
moving a mask stage (4) holding a mask (M) and a substrate stage (5) holding a 
substrate (P) in synchronization with respect to a region irradiated with an exposing 
light, and joining and exposing a plurality of divided patterns (51 to 54) adjacent to each 
other on the substrate (P). This scanning exposure system comprises: a light-shielding 
device (12) for blocking/releasing the exposing light; and a control unit (17) for 
controlling the mask stage (4), the substrate stage (5) and the light-shielding device (12) 



by changing a state of light shielding of the irradiation region during the synchronous 
movement to partially overlap the divided patterns (51 and 52, and 53 and54) adjacent 
in the synchronous moving direction with each other. 

According to the scanning exposure method of the invention, when the divided 
patterns (5 1 to 54) are scanned and exposed, in the overlapping parts (51a and 52a, and 
53a and 54a) of the divided patterns (51 and 52, and 53 and 54), the amount of exposure 
(amount of exposure energy) is proportionally reduced towards a boundary. 
Accordingly, when the overlapping part is exposed, the amount of exposure in this part 
can be made roughly coincident with that in a non-overlapping part. Thus, for the 
divided patterns (51 and 52, and 53 and 54) adjacent to each other in the synchronous 
moving direction, even when a pattern drawing error of the mask (M), optical aberration 
of a projection optical system (3), positioning errors of the stages (4 and 5) for moving 
the substrate, or the like, are present, level differences are smoothly changed in the 
overlapping parts (51a to 54a), and degradations in a device's characteristics can be 
prevented. The adjustment of the amount of exposure can be executed by switching 
between irradiation with an exposing light in each of the overlapping parts (51a to 54a) 
and shielding, when the mask and substrate stages (4 and 5) are moved in 
synchronization, and the overlapping parts (51a to 54a) of the divided patterns (51 to 
54) are positioned in the irradiation regions (34a to 34e) of exposing lights. 

Furthermore, in order to achieve the foregoing objects, according to the 
invention, the constitution described below corresponding to Figs. 20 to 34 showing an 
embodiment is employed. 

According to the invention, a scanning exposure method comprises the steps 
of: moving a mask (M) having first and second patterns (PI and P2), and a substrate (P) 



in synchronization; and exposing the first and second patterns (PI and P2) on the 
substrate (P). In this case, when the first and second patterns (PI and P2) are exposed 
along the synchronous moving direction of the substrate (P), a part of the first pattern 
(PI) and a part of the second pattern (P2) are overlapped and exposed, and the 
synchronous moving speed of the mask (M) and the substrate (P) during the overlapping 
exposure is set differently from the synchronous moving speed of the same during non- 
overlapping exposure. 

According to the scanning exposure method of the invention, the amount of 
exposure (amount of exposure energy) for the overlapping part of the first and second 
patterns (PI and P2) can be set differently from that for a non-overlapping part. Thus, 
when the first and second patterns (PI and P2) are exposed along the synchronous 
moving direction, in the overlapping part (JY1) of the patterns (PI and P2), the amount 
of exposure (amount of exposure energy) is proportionally reduced towards the 
boundaries. Accordingly, when exposure is carried out in an overlapping manner, the 
exposure amount of this part can be made coincident with that of the non-overlapping 
part. Therefore, for the first and second patterns (PI and P2), even when a pattern 
drawing error of the mask (M), optical aberration of the projection optical system (PL), 
positioning errors of the stages (105 and 106) for moving the substrate, or the like are 
present, a level difference can be smoothly changed in the overlapping part (JX1), 
making it possible to prevent degradations of the device's characteristics. 

According to the invention, a scanning exposure method comprises the steps 
of: moving a mask (M) having patterns (PI and P3), and a substrate (P) in 
synchronization with respect to a region (S) illuminated with an exposing light; and 
exposing the patterns on the substrate (P). In this case, the size of the illumination 
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region (S) in a direction different from the synchronous moving direction is changed 
during the synchronous movement. 

According to the invention, a scanning exposure system (101) is provided for 
moving a mask (M) having patterns (PI and P3), and a substrate (P) in synchronization, 
and exposing the patterns (PI and P3) on the substrate (P). The scanning exposure 
system comprises: an illumination region setting device (110) for setting an illumination 
region (S) of the mask (M); and a changing device (114) for changing a size of the 
illumination region (S) in a direction different from the synchronous moving direction 
during the synchronous movement. 

According to the scanning exposure method and system of the invention, a 
locus of the end of the illumination region (S) is extended in a direction different from 
the synchronous moving direction. Thus, the patterns (PI and P3) exposed while 
being overlapped with each other on the substrate (P) are illuminated by the end of the 
illumination region (S), and thereby the direction of the overlapping part (JY1) of the 
patterns joined on the substrate (P) is set different from the synchronous moving 
direction. Therefore, even when unit patterns (1 22) such as pixel patterns are arrayed 
along the synchronous moving direction, a driving transistor adjacent to a picture- 
synthesizing line is driven by a different signal line. As a result, even with the same 
overlap accuracy, it is possible to reduce the effects on display quality. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a perspective view schematically showing the appearance of a 
scanning exposure system according to a first embodiment of the invention. 

Fig. 2 is a constitutional view schematically showing the scanning exposure 
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system of Fig. 1. 

Fig. 3 is a constitutional view schematically showing a projection system 
module constituting the scanning exposure system of the invention. 

Fig. 4 is a plan view showing a projection region set by the projection system 
module according to the first embodiment of the invention. 

Fig. 5 is a plan view showing a relation between a glass substrate and the 
projection region according to the first embodiment of the invention. 

Figs. 6(a) to 6(d) are plan views, each schematically showing a divided pattern 
picture-synthesized on the glass substrate. 

Fig. 7 is a plan view showing a mask used for scanning exposure according to 
the first embodiment of the invention. 

Fig. 8(a) is a plan view illustrating a process for scanning and exposing a 
divided pattern, specifically showing a case where the divided pattern is in the starting 
position of scanning exposure. 

Fig. 8(b) is a plan view illustrating the process for scanning and exposing the 
divided pattern, specifically showing a case where an overlapping part positioned in the 
projection region is irradiated with an exposing light. 

Fig. 8(c) is a plan view illustrating the process for scanning and exposing the 
divided pattern, specifically showing a case where an overlapping part positioned in the 
projection region is irradiated with an exposing light. 

Fig. 8(d) is a plan view illustrating the process for scanning and exposing the 
divided pattern, specifically showing the on-going exposure of the divided pattern. 

Fig. 8(e) is a plan view illustrating the process for scanning and exposing the 
divided pattern, specifically showing the end of the scanning exposure. 
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Fig. 9(a) is a plan view illustrating a process for scanning and exposing a 
divided pattern, specifically showing the on-going scanning exposure. 

Fig. 9(b) is a plan view illustrating the process for scanning and exposing the 
divided pattern, specifically showing the shielding of an exposing light when an 
overlapping part is positioned in the projection region. 

Fig. 9(c) is a plan view illustrating the process for scanning and exposing the 
divided pattern, specifically showing the on-going scanning exposure. 

Fig. 9(d) is a plan view illustrating the process for scanning and exposing the 
divided pattern, specifically showing the shielding of an exposing light when the 
overlapping part is positioned in the projection region. 

Fig. 9(e) is a plan view illustrating the process for scanning and exposing the 
divided pattern, specifically showing the end of the scanning exposure. 

Figs. 10(a) to 10(d) are views, each showing an exposure amount distribution 
of an overlapping part. 

Fig. 1 1 is a plan view showing the positional relationship between the 
projection region and an overlapped part of a divided pattern. 

Figs. 12(a) to 12(d) are views, each showing an exposure amount distribution 
of an overlapped part at an end of the projection region. 

Figs. 13(a) and 13(b) are views, each showing an exposure amount distribution 
of two overlapping parts exposed at the end of the projection region. 

Figs. 14(a) to 14(d) are views, each showing an exposure amount distribution 
of overlapping parts. 

Figs. 15(a) to 15(d) are views, each showing an exposure amount distribution 
of an overlapping part. 
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Fig. 1 6 is a plan view showing a mask used for scanning exposure according to 
a second embodiment of the invention. 

Figs. 17(a) to 17(g) are plan views, each illustrating a scanning and exposing 

process. 

Fig. 1 8 is a plan view showing a positional relation between a single projection 
region and a glass substrate according to a third embodiment of the invention. 

Fig. 1 9 is a plan view illustrating a method for changing the size of the 
projection region. 

Fig. 20 is a view schematically showing an optical system of a scanning 
exposure system according to a fourth embodiment of the invention. 

Fig. 2 1 is a perspective view showing the appearance of a reticle blind 
constituting the scanning exposure system of Fig. 20. 

Fig. 22 is a plan view showing a blind plate constituting the reticle blind. 

Fig. 23 is a plan view showing an LCD pattern picture-synthesized by a 
scanning exposure method of the invention. 

Fig. 24 is a constitutional view schematically showing a display pixel of a 
TFT/LCD constructed on a glass substrate. 

Fig. 25 is plan view showing a reticle used for picture-synthesizing the LCD 

pattern. 

Fig. 26 is a view showing the relation between the position and the amount of 
energy on the glass substrate. 

Fig. 27 is a plan view showing the reticle having an exposure spot set in a 
scanning exposure starting position of a divided pattern P2. 

Fig. 28 is a view showing the relation between the position and the amount of 
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energy on the glass substrate. 

Fig. 29 is a view illustrating an exposure amount distribution of an intersection 
portion between overlapping parts JX1 and JY1. 

Fig. 30 is a view illustrating an exposure amount distribution of an intersection 
portion between overlapping parts JX1 and JY1. 

Fig. 3 1 is a plan view showing an operation of moving an exposure spot on a 
reticle in a direction orthogonal to the synchronous moving direction according to the 
fifth embodiment of the invention. 

Fig. 32 is a plan view showing an LCD pattern picture-synthesized by using the 
reticle shown in Fig. 3 1 . 

Fig. 33 is a plan view showing an operation of moving an exposure spot on a 
reticle in a direction orthogonal to a synchronous moving direction a plurality of times 
according to the sixth embodiment of the invention. 

Fig. 34 is a plan view showing an LCD pattern picture-synthesized by using the 
reticle shown in Fig. 33. 

Fig. 35 is a flowchart showing an example of a manufacturing process of a 
liquid crystal display device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A method and a system for scanning exposure according to a first embodiment 
of the present invention will be described below with reference to Figs. 1 to 15. The 
description will specifically be made of by using the example of using a square glass 
substrate used as a substrate for manufacturing a liquid crystal display panel, and then 
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transferring the circuit pattern of a liquid crystal display device formed in a mask onto 
the glass substrate. Also, an example will be given of a case where a projection optical 
system includes five projection system modules, and picture synthesizing is carried out 
on the glass substrate by scanning an exposure executed four times. 

Fig. 1 is a perspective view schematically showing the constitution of a 
scanning exposure system 1 according to the invention. The scanning exposure system 
1 mainly comprises an illumination optical system 2, a projection optical system 3 
including a plurality of projection system modules 3a to 3e, a mask stage 4 for holding a 
mask (reticle) M, and a substrate stage 5 for holding a glass substrate (substrate) P. 
Hereinbelow, it is assumed that the mask M and the glass substrate P are arranged along 
an XY plane, and the scanning direction (synchronous moving direction) along the XY 
plane is set as the X direction; the non-scanning direction orthogonal to the X direction 
as the Y direction; and the direction of the optical axis orthogonal to the XY plane as 
the Z direction. 

As shown in Fig. 2, the illumination optical system 2 is designed to illuminate 
the mask M with a luminous flux (exposure light) emitted from a light source 6 such as 
an extra-high pressure mercury lamp or the like. The illumination optical system 2 
includes a dichroic mirror 7, a wavelength selection filter 8, a light guide 9, and 
illumination system modules 10a to lOe (in Fig. 2, only one corresponding to the 
illumination optical system 10a is shown for convenience) respectively arranged 
corresponding to the projection system modules 3a to 3e. 

The luminous flux emitted from the light source 6 is converged by an elliptic 
mirror 6a, and then made incident on the dichroic mirror 7. The dichroic mirror 7 is 
chosen to reflect a luminous flux having the wavelength necessary for exposure, and 
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transmit luminous fluxes having other wavelengths. The luminous flux reflected by 
the dichroic mirror 7 is made incident on the wavelength selection filter 8, and becomes 
a luminous flux having a wavelength (normally, a band of at least one among g, h and i 
lines) suited for exposure by the projection optical system 3, and is then made incident 
on the light guide 9. The light guide 9 branches the incident luminous flux into five 
fluxes, which are made incident through a reflecting mirror 1 1 on the illumination 
system modules 10a to lOe. 

Each of the illumination system modules 10a to lOe includes, in its schematic 
constitution, an illumination shutter (light shielding device) 12, a relay lens 13, a fly-eye 
lens 14, and a condenser lens 15. In the described embodiment, the illumination 
system modules 10b to lOe having the same constitution as the illumination system 
module 1 0a are arranged at specified intervals in the X and Y directions. Luminous 
fluxes from the respective illumination system modules 10a to lOe are used to 
illuminate different illumination regions on the mask M. 

The illumination shutter 12 is arranged behind the light guide 9 so as to be 
freely movable forwards and backwards with respect to the optical path of a luminous 
flux. The illumination shutter 1 2 blocks a luminous flux going from the optical path to 
the mask M and the glass substrate P when the optical path is closed, releases the 
blocking of the luminous flux when the optical path is opened, and thereby illuminates 
the mask M and the glass substrate P with the luminous flux. In addition, the 
illumination shutter 12 is provided by a shutter driving unit 16 for moving the 
illumination shutter 12 forwards and backwards with respect to the optical path. The 
driving of the shutter driving unit 16 is controlled by a control unit 17. 

A light amount adjusting mechanism 18 is added for each of the illumination 
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system modules 10a to lOe. The light amount adjusting mechanism 18 adjusts the 
amount of exposure for each optical path by setting illuminance of a luminance flux for 
each optical path, and includes a half mirror 19, a detector 20, a filter 21 and a filter 
driving unit 22. The half mirror 1 9 is arranged in an optical path between the filter 2 1 
and the relay lens 13, and makes a part of a luminous flux transmitted through the filter 
21 incident on the detector 20. The detector 20 detects the illuminance of the incident 
luminous flux, and outputs a detected illuminance signal to the control unit 17. 

The filter 21 is formed by patterning Cr or the like on a glass plate to form a 
plurality of parallel lines such that a transmittance can be gradually changed linearly 
within a certain range along the Y direction. This filter 21 is arranged between the 
illumination shutter 12 and the half mirror 19 in each optical path. The half mirror 19, 
the detector 20 and the filter 21 are provided for each of a plurality of optical paths. 
The filter driving unit 22 moves the filter 21 along the Y direction based on instructions 
from the control unit 17. 

Thus, the control unit 17 controls the filter driving unit 22 based on the 
illuminance of the luminous flux detected by the detector 20. In this way, the light 
amount can be adjusted for each optical path such that the illuminance on the glass 
substrate P can have a predetermined value for each optical path. 

The luminous flux passing through the light amount adjusting mechanism 1 8 is 
transmitted through the relay lens 13 to reach the fly-eye lens 14. A secondary light 
source is formed in the emission surface side of the fly-eye lens 14, and the illumination 
region of the mask M can be illuminated with uniform illuminance by the condenser 
lens 15. 

The luminous flux passing through the mask M is made incident on each of the 
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projection system modules 3a to 3e. The pattern of the mask M of the illumination 
region is transferred onto the glass substrate P coated with resist based on a 
predetermined image-forming characteristic. As shown in Fig. 3, each of the 
projection system modules 3a to 3e includes an image shifting mechanism 23, two 
reflection refractive optical systems 24 and 25, a field diaphragm 26, and a 
magnification adjusting mechanism 27. 

The luminous flux passing through the mask M is made incident on the image 
shifting mechanism 23. The image shifting mechanism 23 shifts the pattern image of 
the mask M in the X or Y direction by, for example, rotating each of two parallel flat 
plate glasses around the Y or X axis. The luminous flux passed through the image 
shifting mechanism 23 is made incident on the first reflection refractive optical system 
24. The reflection refractive optical system 24 forms an intermediate image of the 
pattern of the mask M, and includes a rectangular prism 28, a lens 29, and a concave 
mirror 30. The rectangular prism 28 is freely rotatable around a Z axis, and rotates the 
pattern image of the mask M. 

The field diaphragm 26 is arranged at the position of the intermediate image. 
The field diaphragm 26 sets a trapezoidal projection region on the glass substrate P. 
The luminous flux passing through the field diaphragm 26 is made incident on the 
second reflection refractive optical system 25. As in the case of the reflection 
refractive optical system 24, the reflection refractive optical system 25 is provided with 
a rectangular prism 3 1 , a lens 32 and a concave mirror 33. The rectangular prism 3 1 is 
freely rotatable around the Z axis, and rotates the pattern image of the mask M. 

The luminous flux emitted from the reflection refractive optical system 25 is 
passed through the magnification adjusting mechanism 27, and forms an unmagnified 
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erect pattern image of the mask M on the glass substrate P. The magnification 
adjusting mechanism 27 includes three lenses, for example, a planoconvex lens, a 
biconvex lens, and planoconcave lens. By moving the biconvex lens located between 
the planoconvex lens and the planoconcave lens in the direction of the Z axis, the 
magnification of the pattern image of the mask M is changed. 

Fig. 4 is a plan view showing the projection regions (image field) 34a to 34e of 
the projection system modules 3a to 3e on the glass substrate P. As shown in the 
figure, each of the projection regions 34a to 34e is formed in a trapezoidal shape, and 
the projection regions 34a, 34c and 34e and the projection regions 34b and 34d are 
arranged at intervals in the X direction while the short sides thereof are set to face each 
other. Further, the projections regions 34a to 34e are arranged in parallel such that 
the ends of adjacent projection regions (35a and 35b, 35c and 35d, 35e and 35f, and 35g 
and 35h) can be overlapped in the Y direction as shown by double dotted chain lines, 
and the sum of widths of the projection regions in the X direction can be substantially 
equal. In other words, the projection regions 34a to 34e are set so that the exposure 
amounts can be equal when scanning exposure is carried out in the X direction. 

Thus, by providing overlapped joining portions 36a to 36d in the projection 
regions 34a to 34e of the projection system modules 3a to 3e, changes in optical 
aberration and illuminance in the joining portions 36a to 36d can be made smooth. 
Each of the projections regions 34a to 34e of the embodiment is formed to be 
trapezoidal; however, their shape may be hexagonal, trapezoidal, parallelogram shaped, 
or the like. 

The mask stage 4 holds the mask M, and has a long stroke in the X direction 
for one-dimensional scanning exposure, and a very small amount of stroke, that is, 
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several mm, in the Y direction orthogonal to the scanning direction. As shown in Fig. 
2, the mask stage 4 is provided with a mask stage driving unit 37 for driving the mask 
stage 4 in the X and Y directions. The mask stage driving unit 37 is controlled by the 
control unit 17. 

As shown in Fig. 1 , moving mirrors 38a and 38b are installed in an orthogonal 
direction in edges of the mask stage 4. A laser interferometer 39a is arranged facing 
the moving mirror 38a. A laser interferometer 39b is arranged facing the moving 
mirror 38b. The laser interferometers 39a and 39b emit laser beams to the moving 
mirrors 38a and 38b to measure each distance between the laser interferometers and the 
corresponding mirrors. Accordingly, the position of the mask stage 4 in the X or Y 
direction, thus, the position of the mask M, can be detected with high resolution and 
high accuracy. Though not shown in the figures, the detection results of the laser 
interferometers 39a and 39b are output to the control unit 17. 

The substrate stage 5 holds the glass substrate P. As in the case of the mask 
stage 4, the substrate stage 5 has a long stroke in the X direction for one-dimensional 
scanning exposure, and a long stroke for a step movement in the Y direction orthogonal 
to the scanning direction. Also, the substrate stage 5 is provided with a substrate stage 
driving unit 40 for driving the substrate stage 5 in the X and Y directions. The 
substrate stage driving unit 40 is controlled by the control unit 17. Further, the 
substrate stage 5 is also freely movable in the Z direction. The substrate stage 5 is 
provided with measuring means (not shown) for measuring the positions of the pattern 
surface of the mask M and the exposure surface of the glass substrate P in the Z 
direction, and control is performed such that a predetermined interval can always be set 
between the pattern surface of the mask M and the exposure surface of the glass 
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substrate P. 

Moving mirrors 42a and 42b are installed in an orthogonal direction at the 
edges of the substrate stage 5. A laser interferometer 43 a is arranged facing the 
moving mirror 42a. A laser interferometer 43b is arranged facing the moving mirror 
42b. The laser interferometers 43 a and 43b emit laser lights onto the moving mirrors 
42a and 42b to measure the distance between the laser interferometers and the 
corresponding mirrors. Accordingly, the position of the substrate stage 5 in the X or Y 
direction, thus, the position of the glass substrate P, can be detected with high resolution 
and high accuracy. Though not shown in the figures, the detection results of the laser 
interferometers 43a and 43b are output to the control unit 17. 

The control unit 1 7 monitors the position of the mask stage 4 based on the 
outputs from the laser interferometers 39a and 39b, and moves the mask stage 4 to a 
desired position by controlling the mask stage driving unit 37. The control unit 1 7 also 
monitors the position of the substrate stage 5 based on the outputs from the laser 
interferometers 43 a and 43 b, and moves the substrate stage 5 to a desired position by 
controlling the substrate stage driving unit 40. In other words, the control unit 1 7 
controls both driving units 37 and 40 while monitoring the positions of the mask and 
substrate stages 4 and 5, and thereby moves the mask M and the glass plate P in 
synchronization in the X direction at a certain optional scanning speed (synchronous 
moving speed) with respect to the projection system modules 3a to 3e. 

Next, a description will be given of the mask M and the glass substrate P used 
for the scanning exposure method and the scanning exposure system of the embodiment. 

As shown in Fig. 5, a rectangular LCD pattern LP formed by picture- 
synthesizing of four divided patterns 5 1 to 54 is transferred to the glass substrate P. 
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Though not shown, the LCD pattern LP is composed of a pixel pattern and a peripheral 
circuit pattern which is located at the periphery of the pixel pattern. The pixel pattern 
includes a plurality of electrodes arrayed in order and repeatedly corresponding to a 
plurality of pixels. The peripheral circuit pattern includes driver circuits or the like 
arrayed repeatedly for driving the electrodes of the pixel pattern. 

As shown in Fig. 6(a), a divided pattern 5 1 has a rectangular shape, the length 
thereof in the X direction being denoted by LI 1, and the length thereof in the Y 
direction by L2 1 . In the -X side region of the divided pattern 5 1 , the overlapping part 
51a with a width L13 exposed while partially overlapped with a divided pattern 52 
adjacent in the scanning direction is set as a belt-like region, extending in the Y 
direction. In the -Y side region of the divided pattern 5 1 , the overlapping part 5 1 b of a 
width L23 exposed while partially overlapped with a divided pattern 54 adjacent in a 
non-scanning direction is set as a belt-like region, extending in the X direction. 
Further, the region of a roughly square shape intersected by the overlapping parts 51a 
and 51b is set as an overlapping part 51c to be exposed quadruply when the divided 
patterns 5 1 to 54 are exposed. 

Likewise, as shown in Fig. 6(b), in the +X side region of the divided pattern 52, 
the length thereof in the X direction being denoted by LI 2, and the length thereof in the 
Y direction by L21, an overlapping part 52a is set to be exposed partially overlapping 
the divided pattern 51. In the -Y side region of the divided pattern 52, an overlapping 
part 52b is set to be exposed partially overlapping the divided pattern 53 . Further, in 
the region intersected by the overlapping parts 52a and 52b, an overlapping part 52c is 
set to be quadruply exposed. As shown in Fig. 6(c), in the +X side region of the 
divided pattern 53, the length thereof in the X direction being denoted by LI 2, and the 
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length thereof in the Y direction by L22, the overlapping part 53a is set to be exposed 
partially overlapping the divided pattern 54. In the +Y side region of the divided 
pattern 53, the overlapping part 53b is set to be exposed partially overlapping the 
divided pattern 52. Further, in the region intersected by the overlapping parts 53a and 
53b, an overlapping part 53c is set to be quadruply exposed. Likewise, as shown in 
Fig. 6(d), in the -X side region of the divided pattern 54, the length thereof in the X 
direction being denoted by LI 1, and the length thereof in the Y direction by L22, an 
overlapping part 54a is set to be exposed partially overlappingly with the divided 
pattern 53. In the +Y side region of the divided pattern 54, an overlapping part 54b is 
set to be exposed partially overlapping the divided pattern 5 1 . Further, in the region 
intersected by the overlapping parts 54a and 54b, an overlapping part 54c is set to be 
quadruply exposed. 

The width L23 of each of the overlapping parts 51b to 54b is set equal to the 
width in the Y direction of each of the triangular ends 35a to 35h, 35j and 35k of the 
projection regions (illumination region) 34a to 34e shown in Fig. 4. The width L13 of 
each of the overlapping parts 51a to 54a is set equal to that in the width of each of the 
projection regions 34a to 34e in X direction. 

As shown in Fig. 7, the mask M includes a pattern MP formed to select each of 
the divided patterns 51 to 54 by partially setting an illumination region based on the 
characteristics of the pixel pattern and the peripheral circuit pattern being composed of 
repeated patterns. Specifically, the divided pattern 5 1 is selected by setting the pattern 
MP to have lengths LI 1 and L2 1 respectively in the X and Y directions; and the divided 
pattern 52 is selected by setting the pattern MP to have lengths LI 2 and L21 
respectively in the X and Y directions. Similarly, the divided pattern 53 is selected by 
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setting the pattern MP to have lengths LI 2 and L22 respectively in the X and Y 
directions; and the divided pattern 54 is selected by setting the pattern MP to have 
lengths LI 1 and L22 respectively in the X and Y directions. 

A light shielding band 55 made of Cr is formed around the pattern MP of the 
mask M. The light shielding band 55 forms edges in the divided patterns in the sides 
opposite the overlapping parts 5 la to 54b, and 51b to 54b by shielding the projection 
regions in the sides opposite the overlapping parts 51a to 54a, and 51b to 54b when the 
divided patterns 51 to 54 are scanned and exposed. 

In the upper side of the mask M, alignment systems 49a and 49b are arranged 
to detect a mask alignment mark (not shown) formed in the mask M, and a substrate 
alignment mark (not shown) formed in the glass substrate P. The alignment systems 
49a and 49b irradiate the mask alignment mark with a detecting light, and measures the 
amount of positional deviation between the mask M and the glass substrate P by 
receiving the reflected light of the mask alignment mark, and the reflected light of the 
substrate alignment mark obtained through the mask alignment mark and the outside 
projection system module 3a or 3e. As shown in Fig. 2, the measurement results of the 
alignment systems 49a and 49b are output to the control unit 17. Each of the 
alignment systems 49a and 49b has a driving mechanism (not shown) for movement in 
the X direction, and can move away from the inside of the illumination region during 
scanning exposure. 

Now, a description will be given of the process of joining and exposing the 
divided patterns 5 1 to 54 on the glass substrate P, and then picture-synthesizing the LCD 
pattern LP, which is carried out by the scanning exposure system 1 constructed in the 
foregoing manner. It is assumed herein that scanning exposure is carried out in the 
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order of divided patterns 51,52, 53 and 54. In the description, the movements of the 
mask and substrate stages 4 and 5, and the driving of the illumination shutter 12 in each 
of the illumination system modules 10a to 10b is carried out through the mask and 
substrate stage driving units 3 7 and 40, and the shutter driving unit 1 6. The driving of 
each is carried out based on the control of the control unit 1 for controlling each driving 
unit. 

First, in the alignment systems 49a and 49b, mask and substrate alignment 
marks are measured, and the amount of positional deviation between the mask M and 
the glass substrate P is obtained. Based on the result of this measurement, the mask 
stage 4 or the substrate stage 5 is finely moved for alignment. Simultaneously, 
calculation of the amounts of correction for relative shifting, rotation and scaling of 
each of the projection system modules 3a to 3e with respect to the mask M and the glass 
substrate P is made. Then, based on the calculated amounts of correction, the image 
shifting mechanism 23, the magnification adjusting mechanism 27 and the rectangular 
prisms 28 and 3 1 for image rotation of each of the projection system modules 3a to 3e 
are corrected. 

Then, by driving the mask and substrate stages 4 and 5, the mask M and the 
glass substrate P are moved to the scanning start position of the divided pattern 51 
(position of the exposure region of the divided pattern 51 located in the +X side of the 
projection regions 34a to 34e). In this case, the scanning direction of the mask M and 
the glass substrate P is set in the -X direction. At this time, as shown in Fig. 5, the 
mask and substrate stages 4 and 5 are driven so that the lower end 35k of the projection 
region 34e can coincide with the position of the overlapping part 51b in the Y direction. 
As shown in Fig. 8(a), the projection regions 34a to 34e are shielded by blocking the 
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optical path of a luminous flux with the illumination shutter 12. 

After the start of scanning, the mask M and the glass substrate P are moved in 
synchronization in the -X direction at a constant speed. Then, as shown in Fig. 8(b), 
when the exposure region of the overlapping part 51a is positioned in the projection 
regions 34b and 34d, in the illumination system modules 3b and 3d corresponding to the 
projection regions 34b and 34d, the illumination shutter 12 is driven to open the optical 
path of a luminous flux. Accordingly, the exposure of the divided pattern 51 located in 
the projection regions 34b and 34d is started. The driving timing or the like for the 
illumination shutter 12 is set based on the position measurement results of the mask and 
substrate stages 4 and 5 by the laser interferometers 39a and 39b, and 43 a and 43b (the 
process is similar thereafter). 

The synchronous movement advances, and as shown in Fig. 8(c), when the 
exposure region of the overlapping part 51a is positioned in the projection regions 34a, 
34c and 34e after the projection regions 34b and 34d, also in the illumination system 
modules 3a, 3c and 3e corresponding to the projection regions 34a, 34c and 34e, the 
illumination shutter 12 is driven to open the optical path of a luminous flux. As a 
result, the exposure of the divided pattern 51 located in the projection regions 34a, 34c 
and 34e is also started and, as shown in Fig. 8(d), exposure is carried out in all the 
projection regions 34a to 34e. Then, when the projection regions 34a to 34e are 
shifted from the exposure region of the divided pattern 51, as shown in Fig. 8(e), the 
illumination shutter 12 of the projection regions 34a to 34e is closed, and the 
synchronous movement of the mask M and the glass substrate P is stopped. An edge 
in the +X side of the divided pattern 51 is formed by the light shielding band 55 of the 
mask M. 
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Subsequently, to expose the divided pattern 52, first, by driving the mask and 
substrate stages 4 and 5 in the +X direction, the mask M and the glass substrate P are 
moved to the scanning start position of the divided pattern 52 (position of the exposure 
region of the divided pattern 52 located in the +X side of the projection regions 34a to 
34e). Then, the mask M and the glass substrate P are moved in synchronization in the 
-X direction, and the illumination shutter 12 is opened before each of the projection 
regions 34a to 34e reaches the exposure region of the divided pattern 52. Accordingly, 
as shown in Fig. 9(a), the portions of the divided pattern 52 located in the projection 
regions 34a to 34e are sequentially exposed. An edge in the -X side of the divided 
pattern 52 is also formed by the light shielding band 55 of the mask M. 

The scanning exposure advances and, as shown in Fig. 9(b), when the exposure 
region of the overlapping part 52a is positioned in the projection regions 34b and 34d, 
the illumination shutter 12 corresponding to the projection regions 34b and 34d is 
closed to block the luminous flux. Then, as shown in Fig. 9(c), scanning exposure is 
carried out while the illumination shutter 12 corresponding to the projection regions 34a, 
34c and 34e is kept open. Then, as shown in Fig. 9(d), when the exposure region of 
the overlapping part 52a is positioned in the projection regions 34a, 34c and 34e, the 
illumination shutter 12 corresponding to the projection regions 34a, 34c and 34e is also 
closed. Subsequently, as shown in Fig. 9(e), when the projection regions 34a to 34e 
are shifted from the exposure region of the divided pattern 52, the synchronous 
movement of the mask M and the glass substrate P is stopped, and the scanning 
exposure of the divided pattern 52 is finished. 

Then, to expose the divided pattern 53, by driving the mask stage 4 in the +X 
direction and the substrate stage 5 is in the +X and +Y direction, the mask M and the 
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glass substrate P are moved to the scanning start position of the divided pattern 53 
(position of the exposure region of the divided pattern 53 located in the +X side of the 
projection regions 34a to 34e). In this case, as shown in Fig. 5, the mask and the 
substrate stages 4 and 5 are driven so that the upper end 35j of the projection region 34a 
can be positioned in the overlapping part 53b. Then, the mask M and the glass 
substrate P are moved in synchronization in the -X direction, and illumination shutter 
12 is driven by the same process as that for the divided pattern 52 to expose the divided 
pattern 53. 

Likewise, to expose the divided pattern 54, first, by driving the mask and 
substrate stages 4 and 5 in the +X direction, the mask M and the glass substrate P are 
moved to the scanning start position of the divided pattern 54 (position of the exposure 
region of the divided pattern 54 located in the +X side of the projection regions 34a to 
34e). Then, the mask M and the glass substrate P are moved in synchronization in the 
-X direction, and the illumination shutter 12 is driven by the same process as that for the 
divided pattern 5 1 to expose the divided pattern 54. Specifically, exposure is carried 
out by driving the illumination shutter 12 in association with the driving of the mask 
and substrate stages 4 and 5. By the foregoing scanning exposure, an LCD pattern LP 
is formed on the glass substrate P, where the divided patterns 5 1 to 54 are picture- 
synthesized by overlapping the overlapping parts 51a to 54a and 51b to 54b of the 
adjacent patterns. 

Next, the distribution of an exposure amount among the divided patterns 5 1 to 
54 exposed in the foregoing manner will be investigated. Herein, it is assumed that 
normalization is made to set the overlapping part in the range of 0 ^ x ^ 1 , and 0 ^ y 2s 1 . 
Also, it is assumed that the exposure amount in this range is denoted by z, and the 
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exposure amount is 1 in a non-overlapping part. 

First, a description will be given of the distribution of an exposure amount in 
the overlapping parts 5 lc to 54c quadruply exposed in the divided patterns 5 1 to 54. 
During the exposure of the divided pattern 51, the overlapping part 51c is exposed by 
the end 35k of the projection region 34e. The distribution of an exposure amount in 
this case becomes a quadrangular pyramid like that shown in Fig. 10(a), and represented 
by the following function: 

where ys£x, z=x 

where y<x, z=y ... (1) 

The overlapping part 52c is exposed by the end 35k of the projection region 
34e during the exposure of the divided pattern 52. In this case, the distribution of an 
exposure amount becomes a triangular pyramid like that shown in Fig. 10(b), and 
represented by the following function: 
where y^x, z=-x+y 

where y<x, z=0 . . . (2) 

The overlapping part 53c is exposed by the end 35j of the projection region 34a 
during the exposure of the divided pattern 53. The distribution of an exposure amount 
in this case becomes a triangular pyramid like that shown in Fig. 10(c), and represented 
by the following function: 
where yiS 1-x, z=0 

where y< 1 — x, z= 1 -x-y . . . (3 ) 

The overlapping part 54c is exposed by the end 35j of the projection region 34a 
during the exposure of the divided pattern 54. The distribution of an exposure amount 
in this case becomes a quadrangular pyramid like that shown in Fig. 10(d), and 
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represented by the following function: 
where y ^ 1-x, z=l-y 

where y < 1 -x, z=x . . . (4) 

The sum of the above functions (1) to (4) becomes an exposure amount 
distribution after quadruple exposure, that is z=T . Specifically, the total amount of 
exposure for the exposure regions on the glass substrate P, which are quadruply exposed, 
is equal to that of the non-overlapping part. In other words, regardless of the physical 
structure or driving method, by forming the distributions of exposure amounts 
represented by the functions (1) to (4), the exposure amount portion of the quadruply 
exposed part can be set equal to that of the non-overlapping part. 

Next, a description will be given of the overlapping parts 51a to 54a, where the 
divided patterns 5 1 and 52, and 53 and 54 adjacent in the X direction as the scanning 
direction overlap with each other. Since the distribution of an exposure amount of the 
overlapping parts 53 a and 54a is equal to that of the overlapping parts 51a and 52a, the 
overlapping parts 51a and 52a will be described. Hereinbelow, as shown in Fig. 1 1 , an 
explanation is given of the distributions of exposure amounts for the rectangular 
overlapping parts 51e and 52e which are exposed by the ends 35a to 35d of the 
projection regions 34a to 34c, the ends 35a and 35b, and rectangular overlapping parts 
5 If and 52f which are exposed by the ends 35c and 35d. 

First, the overlapping part 51e in the overlapping part 51a is exposed by the 
end 35a of the projection region 34a during the exposure of the divided pattern 5 1 with 
the distribution of an exposure amount in this case being a quadrangular pyramid like 
that shown in Fig. 12(a). The overlapping part 51e is also exposed by the end 35b of 
the projection region 34b with the distribution of the exposure amount in this case being 
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a triangular pyramid like that shown in Fig. 12(b). The distribution of the exposure 
amount in the case of exposure by the end 35a is represented by the foregoing function 
(1). The distribution of an exposure amount in the case of exposure by the end 35b is 
represented by the following function: 
where y^x, z=0 

where y<x, z=x-y . . . (5) 

Thus, the exposure amount distribution of the overlapping part 51e exposed by 
the ends 35a and 35b during the exposure of the divided pattern 51 is, as shown in Fig. 
13(a), represented by the function z=x which is the sum of the functions (1) and (5). 

Similarly, during the exposure of the divided pattern 5 1 , the overlapping part 
5 If is exposed by the end 35d of the projection region 34c with the distribution of an 
exposure amount in this case being a quadrangular pyramid like that shown in Fig. 12(c). 
The overlapping part 51f is also exposed by the end 35c of the projection region 34b 
with the distribution of an exposure amount in this case being a triangular pyramid like 
that shown in Fig. 1 2(d). The distribution of an exposure amount in the case of 
exposure by the end 35d is represented by the foregoing function (4). The distribution 
of an exposure amount in the case of exposure by the end 35c is represented by the 
following function: 

where y=S 1-x, z=x+y-l 

where y<l-x, z=0 . . .(6) 

Thus, the exposure amount distribution of the overlapping part 51f exposed by 

the ends 35d and 35c during the exposure of the divided pattern 51 is, as shown in Fig. 

1 3(a), represented by the function z=x which is the sum of the functions (4) and (6). 

On the other hand, regarding the overlapping part exposed by a rectangular 



31 



part excluding the end in each projection region, for example, as shown in Fig. 1 1, an 
overlapping part 5 1 g held between the overlapping parts 5 le and 5 If in the overlapping 
part 5 la is exposed by the rectangular center part 4 1 of the projection region 34b with 
the distribution of an exposure amount in this case being z=x shown in Fig. 13(a). The 
same applies to the overlapping parts exposed by the rectangular parts of the other 
projection regions 34a, and 34c to 34e. As a result, the overlapping part 5 la in the 
divided pattern 5 1 is exposed with the distribution of an exposure amount having a 
gentle gradient represented by the function z=x like that shown in Fig. 14(a). Then, 
the overlapping part 52e in the overlapping part 52a is exposed by the end 35a of the 
projection region 34a during the exposure of the divided pattern 52 with the distribution 
of an exposure amount in this case being a triangular pyramid like that shown in Fig. 
1 5(a). The overlapping part 52e is also exposed by the end 35b of the projection 
region 34b with the distribution of an exposure amount in this case being a 
quadrangular pyramid in shape like that shown in Fig. 15(b). The exposure amount 
distribution in the case of exposure by the end 35a is represented by the foregoing 
function (2), while the exposure amount distribution in the case of exposure by the end 
35b is represented by the following function: 
where y^x, z=l-y 

where y<x, z=0 . . . (7) 

Thus, the exposure amount distribution of the overlapping part 52e exposed by 
the ends 35a and 35b during the exposure of the divided pattern 52 is, as shown in Fig. 
1 3(b), represented by the function z=l-x which is the sum of the functions (2) and (7). 

Similarly, the overlapping part 52f is exposed by the end 35d of the projection 
region 34c during the exposure of the divided pattern 52 with the distribution of an 
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exposure amount in this case being a triangular pyramid like that shown in Fig. 15(c). 
The overlapping part 52f is also exposed by the end 35c of the projection region 34b 
with the distribution of an exposure amount in this case being a quadrangular pyramid 
like that shown in Fig. 15(d). The exposure amount distribution in the case of 
exposure by the end 35d is represented by the foregoing function (3), while the 
exposure amount distribution in the case of exposure by the end 35c is represented by 
the following function: 

where y^ 1-x, z=l-x 

where y< 1 -x, z=y . . . (8 ) 

Thus, the exposure amount distribution of the overlapping part 52f exposed by 
the ends 35d and 35c during the exposure of the divided pattern 52 is, as shown in Fig. 
13(b), represented by the function z=l-x which is the sum of the functions (3) and (8). 
Also, the overlapping part 52g held between the overlapping parts 52e and 52f in the 
overlapping part 52a as shown in Fig. 1 1 is exposed by the center part 41 with the 
distribution of an exposure amount in this case being represented by z=l-x shown in 
Fig. 13(b). The same applies to the overlapping parts exposed by the rectangular parts 
of the other projection regions 34a, and 34c to 34e. As a result, the overlapping part 
52a in the divided pattern 52 is exposed with the distribution of an exposure amount 
having a gentle gradient represented by z=l-x like that shown in Fig. 14(b). 

Accordingly, by exposing the adjacent divided patterns 5 1 and 52 along the 
synchronous moving direction, the total amount of exposure in the exposure region of 
the overlapping parts 51a and 52a becomes z=l, equal to that of the non-overlapping 
part. The same holds true for the overlapping parts 53a and 54a, where the divided 
patterns 53 and 54 overlap each other. 



33 



Next, a description will be given of the overlapping parts 51b to 54b, where the 
divided patterns 51 and 54, and 52 and 53 adjacent in the Y direction as a non-scanning 
direction overlap each other. In this case, the overlapping parts 5 1 b and 52b are 
exposed by the end 3 5k of the projection region 34e. Since the end 35k is gradually 
reduced in diameter in the -Y direction, exposure is carried out with the distribution of 
an exposure amount represented by the function z=y as shown in Fig. 14(c). Similarly, 
the overlapping parts 53b and 54b are exposed by the end 35j of the projection region 
34a. Since the end 35j is gradually reduced in diameter in the +Y direction, exposure 
is carried out with the distribution of an exposure amount represented by the function 
z=l-y as shown in Fig. 14(d). 

Thus, by exposing the divided patterns 5 1 to 54, z=l is set for the total 
exposure amount of the projection region, where the overlapping parts 51b and 54b, and 
52b and 53b overlap each other. Accordingly, even when the divided patterns 5 1 to 54 
are partially overlapped and joined in the X and Y directions, exposure can be carried 
out with the uniform exposure amount distribution of z=l. 

As apparent from the foregoing, in the scanning exposure method and the 
scanning exposure system of the embodiment, since the divided patterns are partially 
overlapped with each other with a smooth exposure amount distribution even in the 
synchronous moving direction of the mask M and the glass substrate P, the divided 
patterns can be smoothly joined, making it possible to easily deal with the enlargement 
of a liquid crystal display panel without reducing its quality. Especially, according to 
the embodiment, the projection optical system 3 includes the plurality of projection 
system modules 3a to 3e, where the projection regions overlap in the Y direction. 
Accordingly, even in the non-scanning direction, a longer liquid crystal display panel 
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can be manufactured, making it possible to obtain a larger-area panel. Moreover, 
according to the embodiment, since the amount of exposure in the overlapping parts of 
the divided patterns is controlled by a simple operation, that is, switching between 
irradiation and shielding of an exposure light, it is possible to prevent increases in the 
size of the system and costs. 

Each of Figs. 16 and 17 illustrates a scanning exposure method and a scanning 
exposure system according to a second embodiment of the invention. In the drawings, 
the same elements as those of the first embodiment shown in Figs. 1 to 15 are shown 
with the same reference numerals, and description thereof will be omitted. The second 
embodiment is different from the first embodiment in that the driving timing of the 
illumination shutter 12 is not based on the position measurement result of the mask and 
substrate stages 4 and 5, but measured by detecting a joining mark, and the order of 
exposing divided patterns 5 1 to 54 is optimized. 

As shown in Fig. 16, outside of the light shielding band 55 of the mask M, 
alignment marks 56a and 56b are positioned near the center of both side edges ( that is, 
center of both end sides of the mask M in the Y direction) along the X direction, and 
alignment marks 57a to 60a, and 57b to 60b are positioned on a straight line along the X 
direction in both side edges. The alignment marks 56a and 56b are used for pre- 
alignment of the mask M, and the alignment marks 57a to 60a, and 57b to 60b are used 
for calculation of various correction amounts during the alignment of the mask M. 
These marks are made of Cr or the like, and formed in cross shapes. 

The alignment marks 57a to 60a, and 57b to 60b are also used as indexes for 
switching between the irradiation and the shielding of a luminous flux by the 
illumination shutter 12 when the overlapping parts 51a to 54a of the divided patterns 5 1 
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to 54 are positioned in the projection regions 34a to 34e. Specifically, among the 
projections regions 34a to 34e, the three projection regions 34a, 34c and 34e arrayed in 
the Y direction are set as a projection region group 34m, while the two projection 
regions 34b and 34d arrayed in the Y direction are set as a projection region group 34n. 
Then, the alignment mark 57a is formed in a position detected by the alignment system 
49a when the overlapping part 51a is positioned in the projection region group 34n 
during the scanning exposure of the divided pattern 5 1 . The alignment mark 58a is 
formed in a position detected by the alignment system 49a when the overlapping part 
5 la is positioned in the projection region group 34m. These alignment marks 57a and 
58b are arranged near the divided pattern 5 1 exposed when each alignment mark is 
detected. 

Likewise, the alignment mark 59a is formed in a position detected by the 
alignment system 49a when the overlapping part 52a is positioned in the projection 
region group 34n during the scanning exposure of the divided pattern 52. The 
alignment mark 60a is formed in a position detected by the alignment system 49a when 
the overlapping part 52a is positioned in the projection region group 34m. 
Furthermore, the alignment mark 57b is formed in a position detected by the alignment 
system 49b when the overlapping part 54a is positioned in the projection region group 
34n during the scanning exposure of the divided pattern 54. The alignment mark 58b 
is formed in a position detected by the alignment system 49b when the overlapping part 
54a is positioned in the projection region group 34m. Still furthermore, the alignment 
mark 59b is formed in a position detected by the alignment system 49b when the 
overlapping part 53 a is positioned in the projection region group 34n during the 
scanning exposure of the divided pattern 53. The alignment mark 60b is formed in a 
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position detected by the alignment system 49b when the overlapping part 53a is 
positioned in the projection region group 34m. 

The alignment marks 59a, 60a, and 57b to 60b are also arranged near the 
divided pattern exposed when each alignment mark is detected. 

To perform scanning exposure by using such a mask M, first, the alignment 
marks 56a and 56b are respectively measured by the alignment systems 49a and 49b to 
carry out pre-alignment. Then, the alignment marks 57a to 60a, and 57b to 60b are 
measured to calculate various correction amounts for correcting the image-forming 
characteristics. Then, after the image-forming characteristics of each of the projection 
system modules 3a to 3e is adjusted, the divided pattern 5 1 is subjected to scanning 
exposure. 

In this case, first, as shown in Fig. 1 7(a), the mask stage 4 and the substrate 
stage 5 are driven from a scanning start position, where the exposure region of the 
divided pattern 5 1 is located in the +X side of the projection region groups 34m and 34n, 
and the mask M and the glass substrate P are moved in the -X direction in 
synchronization. At this time, the optical path of the luminous flux is blocked by the 
illumination shutter 12. Then, when the alignment system 49a detects the alignment 
mark 57a, that is, when the overlapping part 51a is positioned in the projection region 
group 34n, the illumination shutter 12 corresponding to this projection region group 34n 
is immediately opened to open the optical path of the luminous flux. 

The synchronous movement advances, and when the alignment system 49a 
detects the alignment mark 58a, that is, when the overlapping part 5 la is positioned in 
the projection region group 34m, the illumination shutter 12 corresponding to this 
projection region group 34m is immediately opened to open the optical path of the 
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luminous flux. Then, as shown in Fig. 1 7(b), when the exposure region of the divided 
pattern 5 1 reaches the -X side of the projection region groups 34m and 34n, the 
exposure of the divided pattern 51 is completed. 

Subsequently, to expose the divided pattern 54, the mask M and the glass 
substrate P are moved stepwise in the +Y direction (the glass substrate P is moved by a 
length L22, while the mask M is moved only by a length L24 shown in Fig. 16). 
Accordingly, as shown in Fig. 17(c), the exposure region of the divided pattern 54 is 
positioned in the -X side of the projection region groups 34m and 34n. Then, while the 
optical path of the luminous flux is blocked by the illumination shutter 12, the mask M 
and the glass substrate P are moved in the +X direction in synchronization. Before the 
divided pattern 54 reaches each of the projection region groups 34m and 34n, the 
illumination shutter 12 corresponding to the projection region groups 34m and 34n is 
opened to release the optical path of the luminous flux. When the alignment system 
49b detects the alignment mark 58b during the synchronous movement, the illumination 
shutter 12 corresponding to the projection region group 34m is immediately closed to 
block the optical path of the luminous flux. 

Further, the synchronous movement advances and, when the alignment system 
49b detects the alignment mark 57b, the illumination shutter 12 corresponding to the 
projection region group 34n is immediately closed to block the optical path of the 
luminous flux. Then, as shown in Fig. 17(d), the exposure region of the divided 
pattern 54 reaches the +X side from the projection region groups 34m and 34n, and the 
exposure of the divided pattern 54 is completed. 

Subsequently, to expose the divided pattern 53, the mask M and the glass 
substrate P are temporarily fed in the -X direction in a preliminary manner and, as 
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shown in Fig. 17(e), the exposure region of the divided pattern 53 is positioned in the - 
X side of the projection region groups 34m and 34n (as in the above case, the amounts 
of preliminary feeding are different for the mask M and the glass substrate P). At this 
time, the optical path of a luminous flux is in a blocked state. Then, the mask M and 
the glass substrate P are moved in the +X direction in synchronization. As in the 
above case, when the alignment system 49b detects the alignment mark 60b, and the 
overlapping part 53a reaches the projection region group 34m, the illumination shutter 
12 corresponding to the projection region group 34n is immediately opened. When the 
alignment system 49b detects the alignment mark 59b, and the overlapping part 53a 
reaches the projection region group 34n, the illumination shutter 12 corresponding to 
the projection region group 34n is immediately opened to open the optical path. In this 
way, the portions of the divided pattern 53 are sequentially transferred onto the glass 
substrate P. As shown in Fig. 17(f), the exposure region of the divided pattern 53 
reaches the +X side of the projection region groups 34m and 34n, and then the exposure 
of the divided pattern 53 is completed. 

Subsequently, to expose the divided pattern 52, the mask M is moved by a 
length L24 stepwise in the -Y direction, and the glass substrate P is moved by a length 
L21 stepwise in the -Y direction. Accordingly, as shown in Fig. 17(g), the exposure 
region of the divided pattern 52 is positioned in the +X side of the projection region 
groups 34m and 34n. Then, the mask M and the glass substrate P are moved in the -X 
direction in synchronization while the optical path of the luminous flux is blocked by 
the illumination shutter 12. Before the divided pattern 52 reaches each of the 
projection region groups 34m and 34n, the illumination shutter 12 corresponding to the 
projection region groups 34m and 34n is opened to release the optical path of the 
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luminous flux. When the alignment system 49a detects the alignment mark 59a during 
the synchronous movement, the illumination shutter 12 corresponding to the projection 
region group 34n is immediately closed. When the alignment system 49a detects the 
alignment mark 60a, the illumination shutter 12 corresponding to the projection region 
group 34m is immediately closed to block the optical path of the luminous flux. In this 
way, the divided pattern 52 is transferred onto the glass substrate P, and an LCD pattern 
LP is synthesized. 

In the scanning exposure method and the scanning exposure system of the 
embodiment the same effects are obtained as those for the first embodiment. In 
addition, the amount of preliminary feeding is small compared with the first 
embodiment, where the mask M and the glass substrate P are fed in a preliminary 
manner to a next scanning exposure start position for each end of the scanning exposure 
of the divided patterns. Accordingly, the moving distance of the mask M and the glass 
substrate P from the scanning exposure end position of the preceding divided patterns to 
the scanning exposure start position of the succeeding divided patterns is shortened, 
thus improving throughput. According to the embodiment, by detecting the alignment 
marks 57a to 60a, and 57b to 60b formed simultaneously with the divided patterns of 
the mask M, switching is made between the shielding/irradiation of a luminous flux to 
the projection region groups 34m and 34n by the illumination shutter 12. Thus, 
compared with the case of detecting the positions of the mask stage 4 and the substrate 
stage 5, the driving timing of the illumination shutter 12 can be more accurate. 

Note that, in the constitution of the embodiment, the joining marks are used 
also as alignment marks for image-forming characteristic correction. However, the 
invention is not limited to such a constitution, and dedicated marks may be prepared for 
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individual purposes. In addition, the embodiment was described based on the case of 
exposure carried out by detecting the position of the overlapping part of the divided 
pattern by using the alignment marks or the like. However, the starting and ending of 
the exposure may be controlled by using the laser interferometers 39 and 43 and based 
on the position of each stage, and the positions of the mask and the substrate with 
respect to the stages. 

In the first embodiment, the synchronous moving directions were all in the 
same direction. However, as in the second embodiment, only the divided patterns 5 1 
and 52, and 53 and 54, both of which are adjacent to each other in the synchronous 
moving direction, may be set in the same direction. In addition, an individual 
synchronous moving direction may be set for each divided pattern. In such a case, the 
synchronous moving direction is set by selecting an exposure order, where the moving 
distance of the mask M and the glass substrate P is the shortest according to an 
optimized exposure order. In any case, when the overlapping part of the divided parts 
adjacent in the synchronous moving direction is arranged in front in the synchronous 
moving direction of the divided patterns, an exposing light is released when the 
overlapping part is positioned in the projection region. When the overlapping part is 
arranged behind in the synchronous moving direction of the divided patterns, the 
exposing light is blocked when the overlapping part is positioned in the projection 
region. Accordingly, without any dependence on the synchronous moving direction, as 
described above with reference to the first embodiment, each of the distributions of 
exposure amounts for the overlapping parts 51a to 54a, 51b to 54b, and 51c to 54c is set 
equal to that for the non-overlapping part. 

Further, in the embodiment, the overlapping parts 51b to 54b and 51c to 54c 
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are overlappingly exposed by the end 35k of the projection region 34e and the end 35j 
of the projection region 34a. However, according to the length of the LCD pattern in 
the Y direction, the projection region used for overlapping exposure may be changed as 
the occasion demands. For example, the overlapping parts 51b, 52b, 51c and 52c may 
be exposed by the end 35k of the projection region 34e, while the overlapping parts 53b, 
54b, 53c and 54c may be exposed by the end 35b of the projection region 34b. In this 
case, when the overlapping parts 53b, 54b, 53c and 54c are exposed, it is necessary only 
to keep closed the illumination shutter 12 corresponding to the projection region 34a 
during exposure. The same applies when overlapping exposure is carried out by the 
ends 35g and 35j. Thus, for exposure of the overlapping part of the divided patterns 
adjacent to each other in the Y direction, without any dependence on the end shape of 
the projection region, the distributions of exposure amounts can be set equal between 
the overlapping part and the non-overlapping part. Also, as described above, even in 
such a case, the synchronous moving direction can be individually set for each divided 
pattern without limiting the synchronous moving direction. 

In the embodiment, the projection optical system 3 includes the plurality of 
projection system modules 3a to 3e, and the plurality of projection regions 34a to 34e 
are arrayed in parallel. However, the invention is not limited to such a constitution, 
and as shown in Fig. 18, a projection optical system having a single projection region 
34f may be used. In this case, the width of the projection region 34f is set at a length 
L 1 3 , which is equal to the width of each of the overlapping parts 5 1 a to 54a. In 
addition, the width of each of the ends 35m and 35n of the projection region 34f in the 
Y direction is set at a length L23, which is equal to the width of each of the overlapping 
parts 51b to 54b. 
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On the other hand, in the embodiment, the width of the projection region in the 
synchronous moving direction is substantially equal to the width LI 3 of each of the 
overlapping parts 51a to 54a and 51c to 54c in the X direction. However, by making 
variable the size of the projection region with respect to the field diaphragm 26, a width 
of each of the overlapping parts 5 la to 54a, and 5 lc to 54c can be set as desired. In 
this case, because of a change in the size of the projection region, the positions of the 
ends 35a to 35h are not coincident with one another in the projection regions 34a to 34e 
adjacent in the Y direction. Accordingly, the projection system modules 3a to 3e are 
moved according to the change of the projection region, or the image shifting 
mechanism 23 is adjusted to shift the position of each of the projections regions 34a to 
34e in the Y direction (also in the X direction as the occasion demands). 

Further, as shown in Fig. 19, when the size of the projection region is changed, 
in the respective projection regions 3a to 3e, for example, the sides thereof in the +X 
side (the projection region group 34m is a short side, and the projection region group 
34n is a long side) are moved in the same direction, each by a length L14, and thereby 
the positions of the ends 35a to 35h adjacent in the Y direction coincide with one 
another in the Y direction. Accordingly, the necessity of shifting the position of each 
of the projection regions 34a to 34e is eliminated, and thus the width of each of the 
overlapping parts 5 1 a to 54a, and 5 1 c to 54c becomes L 1 3+L 1 4, making it possible to 
set the desired value. The same applies even when the side in the +X side is moved in 
the -X direction or the side in the -X side is moved. 

In the embodiment, the LCD pattern LP is picture-synthesized on the glass 
substrate P by scanning exposure, which is carried out four times. However, the 
invention is not limited to such a constitution, and picture synthesis may be carried out 
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on the glass substrate P by, for example by scanning the exposure three times or more, 
alternatively, by scanning the exposure five times or more. In addition, instead of one 
light source 6, a plurality of light sources may be provided, one for each optical path. 
By using light guides or the like, lights from a plurality of light sources (or one) may be 
synthesized into one, and then branched for each optical path. In such a case, any 
adverse effects due to variance in the light amounts of the light sources can be 
eliminated. Moreover, even when one of the light sources goes off, it is possible to 
prevent an exposed device from becoming unusable though the entire light amount is 
reduced. 

In the embodiment, the optical path through each of the projection system 
modules 3a to 3e is shielded by the illumination shutter 12. However, the invention is 
not limited to such a constitution. For example, a transmission inhibition portion 
having zero transmittance may be provided in the filter 21, and when the optical path is 
shielded, the transmission inhibition portion may be positioned in the optical path. 

It should be noted that the magnification of each of the projection system 
modules 3a to 3e may be unmagnified, reduced or magnified. When far ultraviolet 
rays such as excimer lasers are used for the projection system modules 3a to 3e, as a 
nitric material, a material such as quartz, fluorite or the like transmitting far ultraviolet 
rays may be used. When F2 lasers or X rays are used, a reflection refractive type or 
refractive type (reflection type is also used for the mask M) optical system may be used. 
In addition, the invention can be applied to a proximity exposure system adapted to 
expose the pattern of the mask M by bringing the mask M and the glass substrate P into 
tight contact with each other without using the projection system modules 3a to 3e. 

Next, a description will be given of the scanning exposure method and 
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scanning exposure system according to the fourth embodiment of the invention by 
referring to Figs. 20 to 30. In the description, as a substrate, a square glass substrate 
used for the manufacturing of a liquid crystal display panel is used, and an example is 
given, where the circuit pattern of a liquid crystal display device formed on a reticle is 
picture-synthesized in an erect unmagnified manner on the glass substrate by a step and 
scan exposure system. 

Fig. 20 is a constitutional view schematically showing the optical system of a 
scanning exposure system 10L 

The scanning exposure system 101 is designed to project and transfer a pattern 
(for example, a liquid crystal display device pattern) formed on a mask M (reticle) onto 
a photosensitive glass substrate (substrate) P coated with resist or the like. The 
scanning exposure system 101 comprises, in its schematic constitution, a light source 
102, an illumination optical system 103, a projection optical system PL, a mask stage 
105 and a substrate stage 106. It should be noted that as in the case of the first 
embodiment, the mask M and the glass substrate P are arranged along the XY plane. 
Hereinafter, it is assumed that the mask M and the glass substrate P are arranged along 
the XY plane, the scanning direction (synchronous moving direction) of the Y plane is 
the X direction (left and right direction in Fig. 1), the non-scanning direction orthogonal 
to the X direction is the Y direction (direction orthogonal to a paper surface in Fig. 1), 
and the direction of the optical axis orthogonal to the XY plane is the Z direction. 

The light source 1 02 emits a beam B as an exposing light, and includes an 
extra-high pressure mercury lamp or the like. In the light source 1 02, an elliptic mirror 
102a is additionally provided, which has a reflection surface including a rotary elliptic 
surface, and converges the exposing light emitted from the light source 102. The light 
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source 1 02 is positioned in the first focal position of the elliptic mirror 102. Thus, the 
illumination beam B emitted from the light source 102 is passed through a reflecting 
mirror 107, and forms a light source image in the second focal position of the elliptic 
mirror 1 02a. Near the second focal position, a shutter (not shown) is provided and, by 
opening/closing the shutter for the beam B, switching is carried out between an 
exposing state and a non-exposing state. 

The illumination optical system 103 includes, in its schematic constitution, 
reflecting mirrors 107 and 108, a wavelength selection filter (not shown), an optical 
integrator 109 such as a fly-eye lens or the like, a reticle blind (illumination region 
setting device) 110, and a lens system 111. The beam B converged in the second focal 
position and then diverged is converted into substantially parallel luminous fluxes, and 
made incident on the wavelength selection filter adapted to transmit only the luminous 
fluxes of a desired wavelength region. The beam B of an exposure wavelength (for 
example, g or i line) selected by the wavelength selection filter is made incident on the 
optical integrator 1 09. 

The optical integrator 109 includes a number of positive lens elements 
vertically and horizontally arrayed such that a center axis thereof can be extended along 
an optical axis. Accordingly, the beam B made incident on the optical integrator 109 is 
wavefront divided by a number of lens elements, and forms a secondary light source 
including light source images equal in number to the lens elements near the emitting 
surface of the optical integrator 109. In other words, an illuminant surface is 
substantially formed at the emitting side of the optical integrator 109. 

The beam B from the secondary light source illuminates the reticle blind 1 1 0. 
The reticle blind 1 10 is arranged between the light source 102 and the mask M, and sets 
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an exposure spot (illumination region) for the mask M The reticle blind 1 10 is 
arranged in a position substantially conjugate optically with the mask M. Note that the 
constitution and operation of the reticle blind 110 will be described later. 

The mask stage 105 holds the mask M, and has a stroke long in the X direction 
for one-dimensional scanning exposure, and a very small amount of stroke, about 
several mm, in the Y direction orthogonal to the scanning direction. A moving mirror, 
not shown, is provided on the mask stage 1 05. A laser light emitted from a laser 
interferometer (not shown) is reflected by the moving mirror and, based on interference 
between the reflected light and the incident light, the distance between the moving 
mirror and the laser interferometer, that is, the position of the mask stage 1-5 (thus, the 
position of the mask M), is detected. The driving of the mask stage 105 is controlled 
by a state control unit 112. 

The projection optical system PL forms an image of the pattern of the mask M 
present at an exposure spot on the glass substrate P in an erect unmagnified manner. 

The substrate stage 106 holds the glass substrate P and, similarly to the mask 
stage 105, has a stroke long in the X direction for one-dimensional scanning exposure, 
and a long stroke for stepwise movement in the Y direction orthogonal to the scanning 
direction. Also, on the substrate stage 106, a moving mirror (not shown) is provided. 
By a laser interferometer (not shown), the distance between the moving mirror and the 
laser interferometer, that is, the position of the substrate stage 106 (thus, the position of 
the glass substrate P), is detected. The driving of this substrate stage 106 is also 
controlled by the stage control unit 112. 

The beam B transmitted through the mask M is passed through the projection 
optical system PL, and then forms an image on the glass substrate P. A pattern image 
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present in the exposure spot of the mask M is formed in the exposure region on the glass 
substrate P. Then, by moving the mask M and the glass substrate P in the X direction 
in synchronization with the mask stage 105 and the substrate stage 106 with respect to 
the beam B while detecting the positions of the mask stage 105 and the substrate stage 
106, the patterns of the mask M positioned in the exposure spot are sequentially 
transferred onto the glass substrate P. 

As shown in Fig. 21, the reticle blind 110 includes a pair of blind plates 1 10a 
and 1 10b, and a pair of end light-shielding blind plates 1 10c and 1 lOd. The blind 
plates 1 10a and 1 10b are arranged sandwiching and substantially in parallel with the 
conjugate surface of the mask M, and symmetrical left and right, respectively having 
openings composed of equilateral triangular ends 1 13a and 113b, with a width thereof in 
the Y direction having been set at Wl, and rectangular parts 1 14a and 114b, with a 
width thereof having been set at W2. The blind plates 1 1 0a and 1 1 0b are freely 
movable in the Y direction independently of each other. By making the positions of 
the blind plates 1 10a and 1 10b coincident with each other in the X direction, a 
hexagonal exposure spot S is set by the width W2 according to a region where the 
openings overlap each other. 

Thus, by controlling the position of each of the blind plates 1 10a and 110b in 
the Y direction, the length along the non-scanning direction (Y direction) of the 
exposure spot can be optionally changed. Also, since each of the ends 1 1 3a and 113b 
of the non-scanning direction have a triangular shape, the illuminance gradient of a 
region scanned and exposed by this portion is proportionally reduced by 100 to 0% 
toward the boundary (it should be noted that the coordinate systems shown in each of 
Figs. 2 and 3 are set to correspond to the exposure spot on the mask M for convenience). 
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The end light-shielding blind plates 1 10c and 1 lOd are freely movable in the Y 
direction independently of each other. By the movement of each of the end blind 
plates 1 10c and 1 lOd, the beam B which passes through each of the ends 1 13a and 1 13b 
is released/blocked. In addition, as shown in Fig. 20, the driving of each of the blind 
plates 1 10a and 1 10b, and the end light-shielding blind plates 1 10c and 11 Od is 
controlled by a blind control unit (changing unit) 114. A main control unit 1 1 5 for 
generally controlling the blind control unit 1 14 and the stage control unit 1 12 is 
connected to the blind control unit 114. In this main control unit 115, exposure JOB 
data regarding the position, shape or the like of the exposure spot formed by the reticle 
blind 1 1 0 is entered beforehand. 

Now, the mask M the glass substrate P used by the scanning exposure method 
and system of the embodiment will be described. 

As shown in Fig. 23, a TFT/LCD pattern LP roughly rectangular in shape is 
transferred to the glass substrate P. This LCD pattern LP includes a pixel portion 116, 
and for example a plurality of peripheral circuit portions 117 arranged at specified 
pitches along the side edges of the +X and -Y directions of the pixel portion 116. As 
shown in Fig. 24, in the pixel portion 1 16, a pixel pattern 122 composed of a gate line 
1 18, a signal line 1 19, a drain 120 and a pixel electrode 121 is repeatedly arranged as a 
unit pattern at a specified pitch in the X and Y directions. In the peripheral circuit 
portion 1 17, a driver circuit or the like for driving the electrode of the pixel pattern 122 
is repeatedly arrayed. 

Such an LCD pattern LP is, as shown in Fig. 23, set to picture-synthesize 18 
divided patterns. In this case, the divided patterns adjacent in the Y directions overlap 
each other at the overlapping parts JY1 to JY5 of the width Wl extended in the X 
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direction, corresponding to the ends 1 1 3a and 1 1 3b of the exposure spot. The divided 
patterns adjacent in the X direction overlap each other at the overlapping parts JX1 and 
JX2 of the width W2 extended in the Y direction, corresponding to the width of the 
exposure spot in the X direction. 

The mask M used for transferring the LCD pattern LP onto the glass substrate 
P is shown in Fig. 25. The mask M includes a pixel portion 123 and a peripheral 
circuit portion 124 respectively formed therein corresponding to the pixel portion 116 
and the peripheral circuit portion 1 1 7 of the LCD pattern LR By making use of the 
repeated characteristic of each of the pixel portion 123 and the peripheral circuit portion 
124, an exposure spot corresponding to the mask M is adjusted to properly select a 
pattern on the mask M. Accordingly, each of the foregoing patterns constituting the 
LCD patterns LP can be set. Around the pixel portions 123 and the peripheral circuit 
portions 124, a light-shielding band (not shown) is formed. 

Next, description will be made of the process of joining and exposing the 
divided patterns on the glass substrate P, and picture-synthesizing the LCD pattern LP 
by the scanning exposure system 101 constructed in the foregoing manner. In the 
description, an example is given of the process of joining, among 18 divided patterns, 
divided patterns (first and second patterns) PI and P2 adjacent in the X direction, 
sandwiching the overlapping part JX1, and a divided pattern (third pattern) P3 and a 
divided pattern P4 adjacent to the divided patterns PI and P2 in the Y direction, 
sandwiching the overlapping part JY1, and adjacent to each other in the X direction, 
sandwiching JX1 . 

In this case, it is assumed that the overlapping parts JX1 and JX2 are 
overlappingly exposed by the width W2 of the exposure spot set by the reticle blind 110, 
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and the overlapping parts JY1 to JY5 are overlappingly exposed by the width Wl of the 
end of the exposure spot. Hereinbelow, it is assumed that the driving of each of the 
mask stage 105 and the substrate stage 106 is controlled by the main control unit 115 
through the stage control unit 112, and the driving of the reticle blind 110 (the blind 
plates 1 1 0a and 1 1 Ob, and the end light-shielding blind plates 1 1 0c and 1 1 Od) is 
controlled by the blind control unit 1 14 based on instructions from the main control unit 
115. 

First, the mask M and the glass substrate P are positioned in alignment. Then, 
based on the exposure JOB data, the mask stage 105 and the substrate stage 106 are 
driven, and the mask M and the glass substrate P are moved to the scanning start 
position of the divided pattern PL At this time, in the reticle blind 110, the end light- 
shielding blind plate 1 10c shields the end 1 1 3a of the opening from a light, while the 
end light-shielding plate 1 lOd releases the end 1 13b. Accordingly, the pentagonal 
exposure spot (illumination region) S shown in Fig. 25 is formed on the mask M. 

In this case, the position of the exposure spot S in the X direction on the mask 
M is set on the virtual region MX1 of the width W2 corresponding to the overlapping 
part JX1 in the glass substrate P. Also, the position of the exposure spot S in the Y 
direction is set such that the end 1 13b can be positioned substantially along the side 
edge of the peripheral circuit portion 124 in the -Y side, and positioned on the virtual 
region MY1 of the width Wl corresponding to the overlapping part JY1 in the +Y side 
in the glass substrate P. The exposure spot on the glass substrate P in this case is 
denoted by reference numeral S 1 in Fig. 23. In such a case, the exposure spot S is 
formed by the reticle blind 110, while the optical path of the beam B is blocked by the 
shutter. 
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Subsequently, the shutter is opened, and simultaneously the mask M and the 
glass substrate P are moved in the -X direction in synchronization. In this case, in the 
scanning exposure system 101 of the invention, since the projection optical system PL 
is an unmagnified erect system, the mask M and the glass substrate P are moved in the 
same direction at the same speed. In addition, during the scanning of the length W2 
from the scanning exposure start, the driving (acceleration) of each of the mask M and 
the glass substrate P is controlled to reach a scanning speed (synchronous moving 
speed) for a proper exposure amount (amount of energy). As a result, as shown in the 
left side of the graph of Fig. 26, the glass substrate P is exposed by the amount of 
exposure energy having an illuminance gradient proportionally increased from 0 to an 
optimal value in the range of the length W2. 

The scanning exposure advances and, when the exposure spot S passes through 
the peripheral circuit portion 124 in the +X side of the mask M and reaches the light- 
shielding band, the shutter is closed. As a result, in the non-overlapping part, exposure 
is carried out even to the outermost periphery of the pattern by a proper exposure 
amount. Then, by the foregoing process, the divided pattern PI is exposed on the glass 
substrate P. 

To expose the divided pattern P2, the mask M is moved in the X direction so as 
to position the exposure spot S in the virtual region MX1 on the mask M again. In this 
case, the virtual region MX1 of the mask M corresponds to the overlapping part JX2 on 
the glass substrate P. Simultaneously, the glass substrate P is also moved in the X 
direction so as to position an exposure spot SI on the glass substrate P in the 
overlapping part JX2. At this time, as in the case of the exposure of the divided 
pattern PI, the end 1 13b of the exposure spot S is positioned in the virtual region MY1 
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on the mask M, and on the overlapping part JY1 on the glass substrate P. Accordingly, 
the movement of the mask M and the glass substrate P in the Y direction, and the 
driving of the reticle blind 110 are not executed. 

Then, at the same time that the shutter is opened, the mask M and the glass 
substrate P are moved in the -X direction in synchronization. Also, in this case, 
similarly to the exposure of the divided pattern PI, during the scanning of the length 
W2 from the scanning exposure start, the driving of each of the mask M and the glass 
substrate P is controlled to reach a scanning speed for an optimal exposure amount. 
As a result, the overlapping part JX2 on the glass substrate P is also exposed by an 
amount of exposure energy having an illuminance gradient proportionally increased 
from 0 to an optimal value. 

On the other hand, when the exposure of the divided pattern P2 is finished, a 
scanning speed is controlled to proportionally reduce the amount of exposure energy 
from the optimal value to 0 during the scanning of the length W2 in the overlapping part 
JX1. When the overlapping part JX1 coincides with the exposure spot SI, the shutter 
is closed to block beam B. By this scanning exposure, as shown in the right side of the 
graph of Fig. 26, the overlapping part JX1 is exposed by an amount of energy having an 
illuminance gradient proportionally reduced from the optimal value to 0 in the +X 
direction in the range of the length W2. Thus, the overlapping part JX1 is exposed 
twice in an overlapping manner when the divided patterns PI and P2 are scanned and 
exposed. As a result, the total amount of exposure becomes an optimal exposure 
amount equal to that for the non-overlapping part. 

In the above case, not the overlapping part JX2 but the overlapping part JX1 
may be selected as a scanning start position (exposure spot S is set on the virtual region 
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MX2 on the mask M), and the mask M and the glass substrate P may be moved in the 
+X direction in synchronization with respect to the exposure spot S. Also, in this case, 
as shown in the right side of the graph of Fig. 26, the overlapping part JX1 is exposed 
by an amount of exposure energy having an illuminance gradient proportionally reduced 
from the optimal value to 0 in the +X direction, bringing about the same result as above. 

To expose the divided pattern P3, first, in the reticle blind 110, the end light- 
shielding blind plate 1 10c is moved, the optical path of the end 1 13a is opened, and the 
blind plates 1 10a and 1 10b are driven so that the ends 1 13a and 113b can be respectively 
positioned in the overlapping parts JY1 and JY2 on the glass substrate P. In this way, a 
hexagonal exposure spot (illumination region) S' shown in Fig. 27 is formed on the 
mask M. 

While the reticle blind 1 10 is driven, the mask stage 105 and the substrate stage 
106 are moved stepwise in the Y direction, and the mask M and the glass substrate P are 
moved to the scanning start position of the divided pattern P3. At this time, the 
position of the exposure spot S' on the mask M in the X direction is set on the virtual 
region MX1 corresponding to the overlapping part JX1. Also, the position of the 
exposure spot S' in the Y direction is set such that the ends 113a and 1 1 3b can be 
positioned on the virtual regions MY1 and MY2 of the width Wl respectively 
corresponding to the overlapping parts JY1 and JY2 in the glass substrate P. An 
exposure spot on the glass substrate P at this time is denoted by a reference numeral S2 
in Fig. 23. 

Then, similarly to the scanning exposure of the divided pattern P 1 , the shutter 
is opened and, simultaneously, the mask M and the glass substrate P are moved in 
the -X direction in synchronization while accelerating. Then, these portions are 
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moved at equal speeds in the non-overlapping part, and the divided pattern P3 is 
scanned and exposed on the glass substrate P. Subsequently, the mask M and the glass 
substrate P are moved in the X direction, and the divided pattern P4 is scanned and 
exposed by the same process as that for the divided pattern P2. 

During the scanning exposure of the divided patterns PI to P4, by the exposure 
of the divided patterns PI and P2, the overlapping part JY1 on the glass substrate P is 
exposed by an illuminance gradient proportionally reduced from 100 to 0% in the +Y 
direction by the end 1 13b, denoted by the code m in Fig. 28. On the other hand, the 
overlapping part JY1 is exposed by an illuminance gradient proportionally increased 
from 0 to 1 00% in the +Y direction by the end 113a, denoted by the code n in Fig. 28. 
Accordingly, in the overlapping part JX1 on the glass substrate P, as a result of exposure 
executed twice in an overlapping manner during the scanning exposure of the divided 
patterns PI to P4, the total amount of exposure becomes an optimal exposure amount 
equal to that for the non-overlapping part. 

Then, as a result of the foregoing exposure of the divided patterns PI to P4, the 
rectangular intersection portion of the overlapping parts JX1 and JY1 is exposed four 
times in an overlapping manner. Thus, the distribution of an exposure amount in such 
a portion will be described briefly. In this case, as shown in Figs. 29 and 30, the left 
lower end of the intersection portion is set at x=y=0, and normalization is carried out so 
as to set the intersection portion in the range of 0~x = l,0=y = 1. Also, the exposure 
amount in this range is denoted by z, and the exposure amount in the non-overlapping 
part is set to z=l. 

First, as shown in Fig. 29, for the divided patterns PI and P2, the intersection 
portion is exposed by the end 1 13b. In this case, during the exposure of the divided 
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pattern PI, the intersection portion is exposed with the distribution of an exposure 
amount represented by the following function: 

where x<0.5xy, z=0 

where x^0.5xy, and x^-0.5y+l, z=x-0.5xy 

where x>-0.5y+l, z=l-y •••(!) 

During the exposure of the divided pattern P2, the intersection portion is 
exposed with the distribution of an exposure amount represented by the following 
function: 

where x<0.5xy, z=l-y 

where x^0.5xy, and xS=-0.5y+l, z=l— x— 0.5xy 

where x>-0.5y+l, z=0 ...(2) 

On the other hand, for the divided patterns P3 and P4, as shown in Fig. 30, the 
intersection portion is exposed by the end 1 13a. In this case, during the exposure of 
the divided pattern P3, the intersection portion is exposed with the distribution of an 
exposure amount represented by the following function: 

where x<-0 . 5 x y+0 . 5 , z=0 

where x^-0.5xy+0.5, and x^-0.5y+0.5, 

z=x+0.5xy-0.5 

where x^-0.5y+0.5, z=y ' --.(3) 

During the exposure of the divided pattern P4, the intersection portion is 

exposed with the distribution of an exposure amount represented by the following 

function: 

where x<-0.5xy+0.5, z=y 
where x^-0.5xy+0.5, and x^-0.5y+0.5, 
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z=--x+0.5xy+0.5 

where x>-0.5y+0.5, z=0 ...(4) 

Thus, during the exposure of the divided patterns PI and P2, the distribution of 
the exposure amount for the intersection portion exposed by the end 113b has a gentle 
gradient represented by the function z=l-y as the sum of the functions (1) and (2). 
During the exposure of the divided patterns P3 and P4, the distribution of the exposure 
amount for the intersection portion exposed by the end 1 13a has a gentle gradient 
represented by the function z=y as the sum of the functions (3) and (4). As apparent 
from the foregoing, by exposing the divided patterns PI to P4, the total amount of 
exposure in the intersection portion of the overlapping parts JX1 and JY1 becomes z=l, 
which is the sum of the functions (1) to (4), equal to that in the non-overlapping part. 

Then, by the same process as for the foregoing, the divided patterns on the 
glass substrate P are sequentially exposed while an exposure spot on the mask M is 
properly selected, and the LCD pattern LP is thereby picture-synthesized with the same 
distribution of the exposure amount. Among the divided patterns, when the divided 
pattern positioned in the end of the +Y side in Fig. 23 is exposed, conversely to the case 
of the divided patterns PI and P2, the end light-shielding blind plate HOd shields the 
end 1 1 3b of the opening, while the end light-shielding blind plate 1 1 Oc opens the end 
113a. Accordingly, a pentagonal exposure spot with right-left symmetry is formed. 
The order of exposing the divided patterns should preferably be set based on a path, 
where the moving distance (moving time) of each of the mask stage 105 and the 
substrate stage 106 is the shortest. 

In the scanning exposure method and the scanning exposure system of the 
described embodiment, since the divided patterns are partially overlapped with each 
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other by the distribution of an exposure amount having a gentle gradient when the mask 
M and the glass substrate P are moved in synchronization, these divided patterns can be 
smoothly joined. Thus, without any decrease in quality, higher accuracy and a larger 
liquid crystal display devices can be easily dealt accommodated. Especially, according 
to the embodiment, the amounts of exposure for the overlapping part and the non- 
overlapping part are controlled by a simple operation of setting the scanning speed for 
exposing the overlapping part of the divided patterns and the scanning speed for 
exposing the non-overlapping part to be different from each other. Thus, increases in 
the size and costs of the device can be prevented. 

In addition, in the scanning exposure method and the scanning exposure system 
of the embodiment, since a one-layer LCD pattern LP can be picture-synthesized by 
adjusting the illumination region of one mask M, a small mask M can be used and the 
errors of the mask M itself can be suppressed. Further, reticle changing work 
necessary when a plurality of masks M are used can be eliminated, and correction work 
between the reticles, the accumulation of errors, and so on, can be reduced. Thus, 
joining exposure can be executed with higher accuracy. 

Each of Figs. 3 1 and 32 illustrates a scanning exposure method and a scanning 
exposure system according to a fifth embodiment of the invention. In these drawings, 
the same elements as those of the fourth embodiment shown in Figs. 20 to 30 are added 
with the same reference numerals, and a description thereof will be omitted. The fifth 
embodiment is different from the fourth in that the size of the exposure spot S is 
changed during scanning exposure. 

Specifically, according to the embodiment, to expose the divided pattern PI, as 
in the case of the fourth embodiment, an exposure spot S is set on the virtual region 
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MX1 on the mask M. Then, the mask M and the glass substrate P are moved in the -X 
direction in synchronization to start the scanning exposure, and the blind plate 1 10b of 
the reticle blind 1 10 is simultaneously moved in the +Y direction at a fixed speed V. 
At this time, the end light-shielding blind plate 1 lOd may be moved in synchronization 
with blind plate 1 1 Ob. However, this movement is not necessary when the end light- 
shielding blind plate 1 1 Od is not in a position for shielding the end 113b. The blind 
plate 1 10a and the end light-shielding blind plate 110c are not moved in the Y direction, 
because the peripheral circuit portion 124 along the X direction is illuminated. 

As a result, the exposure spot S is magnified in the +Y direction during the 
scanning exposure, and a virtual region MY1 on the mask M formed as the moving 
locus of the end 1 13b is provided with inclination with respect to the X direction by 
coupling the scanning speed and the moving speed of the blind plate 1 10b. 
Accordingly, in the divided pattern PI exposed on the glass substrate P, as shown in Fig. 
32, the overlapping part JY1 with the divided pattern P3 is formed along a direction 
different from the X direction. 

To expose the divided pattern P2, at the starting time of scanning exposure, the 
end 1 13b of the exposure spot S is positioned on the extension of the overlapping part 
JY1 and on the overlapping part JX2, and the blind plate 1 10b is moved in the +Y 
direction at the same speed V as that for the divided pattern PI (at this time, the 
scanning speed for each of the mask M and the glass substrate P are also set equal to 
that when the divided pattern PI is exposed). 

Further, to expose the divided pattern P3, on the glass substrate P, the ends 
1 13a of the exposure spot are positioned in the intersection portion of the overlapping 
parts JX1 and JY1, and the ends 113b of the exposure spot are positioned in the 
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intersection portion of the overlapping parts JX1 and JY2. Then, simultaneously with 
the start of scanning exposure, the blind plates 1 10a and 110b are both moved in the +Y 
direction at a speed V. Also, to expose the divided pattern P4, the ends 1 1 3a and 1 1 3b 
of the exposure spot are respectively positioned in the intersection portion of the 
overlapping parts JX2 and JY1, and in the intersection portion of the overlapping parts 
JX2 and JY2. Then, simultaneously with the start of scanning and exposure, the blind 
plates 1 1 0a and 1 1 Ob are both moved in the +Y direction at a speed V. 

The other divided patterns are subjected to scanning exposure by the same 
process while moving the blind plates in the +Y direction. When the divided pattern 
positioned at the end of the +Y side in Fig. 32 is exposed, conversely to the case of the 
divided patterns PI and P2, the end light- shielding plate 1 lOd shields the end 1 13b of 
the opening, and the end light-shielding blind plate 1 10c opens the end 113a. In this 
state, only the blind plate 1 1 0a is moved in the +Y direction during exposure. It 
should be noted that the control of the scanning speed in each of the overlapping parts 
JX1 and JX2 is similar to that of the fourth embodiment. Thus, as shown in Fig. 32, 
on the glass substrate P, an LCD pattern LP is picture-synthesized such that the divided 
patterns overlap each other by the overlapping parts JY1 to JY4 having an inclination in 
the X direction. 

In the scanning exposure method and system of the described embodiment, in 
addition to an operation and an advantage similar to those of the fourth embodiment, 
since the arraying direction of the pixel patterns 122 is different from the extended 
direction of the overlapping parts JY1 to JY4, in the completed liquid crystal display 
device, a driving transistor in the pixel pattern 122 adjacent to each of the overlapping 
parts JY1 to JY4 is driven by a different signal line. Thus, errors are not arrayed in 



60 



order, even with if the same overlapping accuracy is provided, and an effects of errors 
on the display quality can be reduced. 

In the fifth embodiment, the blind plates 1 10a and 1 10b are moved at the same 
speed during the exposure. However, the invention is not limited to such and, in each 
of the overlapping parts JY1 to JY5, the blind plates may be moved at different speeds 
as long as the moving speeds are equal during the exposure. In addition, when each of 
the overlapping parts JY1 to JY4 is exposed, the moving speeds of the blind plates 110a 
and 3 10b may be changed a plurality of times. For example, as shown in Fig. 33, 
during the scanning exposure of the divided pattern PL the moving direction of the 
blind plate 1 1 0a may be changed from the +Y direction to -Y direction. Similarly, 
during the scanning exposure of the divided pattern P3, the moving direction of each of 
the blind plates 1 10a and 1 10b may be changed from the +Y direction to the -Y 
direction (when the divided pattern positioned at the end of the +Y side is exposed, 
while the end light-shielding blind plate 1 1 Od shields the end 1 1 3b, only the moving 
direction of the blind plate 1 10a is changed from the +Y direction to the -Y direction 
during the exposure). In this case, as shown in Fig. 34, overlapping parts JY1 to JY4 
are formed in a zigzag pattern on the glass substrate P. As a result, signal lines for 
driving transistors are more dispersed, making it possible to reduce an effect on display 
quality more. In this case, without changing the moving directions of the blind plates 
1 1 Oa and 1 1 0b, only the moving speed V may be changed, or both of the moving 
directions and the moving speed may be changed. 

In the fourth and fifth embodiments, the width of each of the overlapping parts 
JX1 and JX2 is set at the width W equal to a exposure spot S. However, if the amounts 
of exposure are equal between the overlapping part and the non-overlapping part as a 
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result of double exposure, the width of the overlapping part is limited to equal. The 
shape of the exposure spot is not limited to a hexagon, and a square shape such as 
trapezoidal, a parallelogrammatic or the like, may be employed. 

In the fourth and fifth embodiments, when the divided patterns P3 and P4 are 
exposed, the extended direction of the overlapping parts JY1 and JY2 is inclined with 
respect to the X direction by moving the blind plates 1 10a and 1 10b. However, when 
no changes occur in the size of the exposure spot, the mask M and the glass substrate P 
may be moved in synchronization from the X direction to the inclining direction. 

In addition, the technology of the invention for making the amount of exposure 
for the overlapping parts adjacent in the synchronous moving direction coincident with 
that for the non-overlapping part by varying the synchronous moving speed of the mask 
M and the glass substrate P between the overlapping part and the non-overlapping part 
can also be applied to a so-called multilens constitution, where the projection optical 
system PL includes a plurality of projection system modules, the ends of the projection 
regions of the projection system modules adjacent to each other are arranged in parallel 
so as to overlap in the Y direction, and the amounts of exposure are set equal when the 
scanning exposure is carried out in the X direction. 

For substrates, to which the invention can be applied, other than glass 
substrates P for liquid crystal display devices, semiconductor wafers for a 
semiconductor devices, ceramic wafers for thin-film magnetic heads, original (synthetic 
quartz, or silicon wafer) masks or reticles for exposure systems, or the like may be used. 

The kinds of the scanning exposure systems 1 and 101 are not limited to 
exposure systems used for manufacturing liquid crystal display devices, and adapted to 
expose the pattern of the liquids crystal display devices on the glass substrate P. The 
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invention can be widely applied to exposure systems used for manufacturing 
semiconductor devices, and adapted to expose patterns of the semiconductor devices on 
wafers, exposure systems used for manufacturing thin-film magnetic heads, an imaging 
device (CCD) or a reticle, or the like. 

As the light sources 6 and 102, luminescent lines generated from the extra-high 
pressure mercury lamp (the g line (436nm), h line (404. 7nm), i line (365nm)), a KrF 
excimer laser (248nm), ArF excimer laser (193nm), F2 laser (157nm) can be used. 

The magnification of each of the projection system modules 3a to 3e may be 
unmagnified, reduced or magnified. In addition, for the projection system modules 3a 
to 3e, when far ultraviolet rays such as an excimer laser are used, as a nitric material, a 
material such as quartz, fluorite or the like transmitting far ultraviolet rays may be used. 
When F2 lasers or X rays are used, the optical system of the reflection refractive type or 
a refractive type (the reflection type is also used for the mask M) may be used. The 
invention can also be applied to a proximity exposure system for exposing the pattern of 
the mask M by bringing the mask M and the glass substrate P into tight contact with 
each other without using the projection system modules 3a to 3e. 

When a linear motor (see USP 5,623,853, or USP 5,528,118) is used for the 
substrate stages 5 and 106 or the mask stages 4 and 105, either one of an air floating 
type using an air bearing or a magnetic floating type using Lorentz's force or a 
reactance force may be used. Each of the stages 4, 5, 1 05 and 1 06 may be a type 
moved along the guide, or may be a guideless type having no guides. 

For the driving mechanisms 37 and 40 of the stages 4 and 5, a flat motor may 
be used to drive each of the stages 4 and 5 by arranging a magnet unit (permanent 
magnet) having a two-dimensionally arranged magnet and an armature unit having a 
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two-dimensionally arranged coil oppositely to each other, and using an electromagnetic 
force. In this case, either one of the magnet unit or the armature unit may be 
connected to the stages 4 and 5, and the other may be provided at the moving surface 
side (base) of each of the stages 4 and 5. The same applies to the stages denoted by the 
reference numerals 105 and 106. 

As described in Japanese Unexamined Patent Application, First Publication No. 
Hei 8-166475 (USP 5,528,118), the reaction force generated by the movement of each 
of the substrate stages 5 and 106 may be mechanically dissipated to the floor (ground) 
by using a frame member so as not to transmit it to the projection optical system 3 and 
the PL. The invention can be applied to an exposure system having such a structure. 

As described in Japanese Unexamined Patent Application, First Publication No. 
Hei 8-330224 (US S/N 08/416,558), the reaction force generated by the movement of 
each of the mask stages 4 and 105 may be mechanically dissipated to the floor (ground) 
by using a frame member so as not to transmit it to the projection optical system 3 and 
the PL. The invention can be applied to an exposure system having such a structure. 

Therefore, the scanning exposure system 1 as the substrate processor of the 
embodiment is manufactured by assembling various sub-systems including components 
described in the appended claims in such a way as to maintain specified mechanical 
accuracy, electric accuracy and optical accuracy. To secure such accuracy, before/after 
the assembling of the components, various optical systems are adjusted to achieve 
optical accuracy; various mechanical systems to achieve mechanical accuracy; and 
various electric systems are adjusted to achieve electric accuracy. The process of 
assembling the exposure system by various sub-systems includes, among various sub- 
systems, mechanical connection wiring connection among the electric circuits, piping 
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connections among pressure circuits, and so on. Needless to say, the process of 
assembling each sub-system is executed before this process of assembling the exposure 
system by various sub-systems. After the end of the process of assembling the 
exposure system by various sub-systems, an overall adjustment is carried out to secure 
the various types of accuracy for the entire exposure system. Preferably, the exposure 
system should be manufactured in a clean room having a controlled temperature, level 
of cleanliness, and so on. 

A device such as a liquid crystal display device, a semiconductor device or the 
like is, as shown in Fig. 35, manufactured through a step 201 for designing the 
function/performance of the liquid crystal display device or the like, a step 202 for 
making a mask M (reticle) based on the result of the designing step, a step 203 for 
making a glass substrate P from quartz or the like, or a wafer from a silicon material, a 
step 204 for exposing the pattern of the mask M on the glass substrate P (or wafer) by 
the scanning exposure system 1 of the foregoing embodiment, a step 205 for assembling 
the liquid crystal display device or the like (in the case of a wafer, including dicing, 
bonding and packaging processes), an inspection step 206, and so on. 



